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The mufprendoA and micrpntabiHty of epidemioiogic snidies of cnTtroAmcatad tobacco smoke (HTS) depend largely on the 
talidity of sclf-tcporced ejcposuie. To iovescigate to what cttcot quescionntues can indicate exposure lereb to ET5, an interna- 
liooai study was conduaed in 13 centets located in 10 countiies, and 1,369 nonsmoking women were interviewed. Tbe present 
paper describes the results of the moalysis of self-ceportod recent exposure to ET5 &om any source in leladon to ucuuiy cooeexura* 
dons of codnine. Of the total. 19.7 percent of the subjects had nondctectabic coumoe levels, the median value was 6 ng/mg, 
and the cat»pouir of the highest decile was 24 og/mg. The pioponson of subfccu misrepordAg their acdveimoking habit was 
esdmated at between 1,9 and SA percent, depending on whether cuc-potats of $0 or 100 ng/mg crcaciiiioe were osed. Large 
and scadsdcally significant difierences were obsened between centets, with the Jowen values in Honoluiu. Shanghai, and Oundiga^ 
and the highest in Tdesce, Los Angeks, and .Athens. Mean cocminc/aeauttine levels showed a dear linear inoceaie from the 
group of women not c*po^ either ai home oc at work, to rhe group of chose exposed both at home and at work. Values wetc 
significandy higher for women exposed to ETS from the husband but not at work, chan for those exposed at but not 
the husband. The letuits of imear regccssioQ analysis indicated chat duration of ezposuic and number of dgareiccs to which 
the subject ftpofted being exposed were strongly related to orinary cocisuiie. ETS exposure from the husband was beK measured 
by the numbex of dgarettes, while exposure at wodc was more strongly related to duiadon of exposure. After adjo n acnt of 
number of dgarettes for volume of indoor places, a similar increase in mtanine (5 ng/mg) was predicted by the exposure to 7.2 
dgarctte$/S h/<40 from rhe husband and 17.9 dgarettes/3 h/40 m^ at work. The r^cs indicace chaci wbra appropciarciy 
questioned, nonsmoking women can provide a reasonably accurate desenpeion of FTS exposure. Assessment of uKhvidual exposure 
10 ETS should focus on daily duration and volume of indoor places where exposucc occurred. 

Key words: Home exposure, international study, passive smoking, Klf^rcported exposure, unnary cotminc. work 
exposure. 


Introduction 

The number of investigations on the health effects of 
environmental tobacco smoke (ETS) has grown substan¬ 
tially in recent years following instiai reports of an associa¬ 
tion of ETS with lung cancer risk in noosmokers.^^* Two 


comprehensive reviews on measuring exposures to ETS 
and assessing the associated health risks appeared in 
1986.^*^ They conclude, as does the lARC Monograph 
on Tobacco Smoking,^ chat a causal relationship 
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between exposure co ETS and lung cancer is supported 
by epidemiologic evidence and is biologically plausible. 

A difficulty in interpreting the results of studies on 
ETS and lung cancer ’stems from the way exposure was 
determined in most studies, namely by: (i) focusing on 
(he smoking habits of the spouse with little considera^ 
lion of other sources of ETS; (ii) limicing the assessment 
to a qualitative evaluation of'exposed* or 'not exposed* 
nther than a quandrativc scale of total exposure to ETS. 
In the absence of objective measurements, this can pave 
the way to a variety of misreporting errors which can 
substantially bias study results, especially if the likely 
effect of ETS is smalK^ Therefore, a method of 
validating exposure to ETS by biochemical measures has 
become increasingly imponant.' 

To investigarc to what extent qucstionnaifcs can 
indicate exposure levels co ETS. we have conducted an 
inter national study in a variety of local senings (13 centers 
in 10 countries) with two main objectives: (i) to validate 
self-reported recent exposure co ETS from any source 
against the urinary concentrations of an exposure-specific 
marker (cotinine); and (ii) to compare urinary levels of 
cotmine and patterns of ETS exposure among non¬ 
smoking women in different countries. The present 
report is focused particularly on the first objective. 

Subjects and methods 

Thinecn centers located in Canada (Toronto), People's 
Republic of China (Shanghai), Greece ( Athens), Federal 
Republic of Germany (Bremen), Hong Kong, India 
(Chaadigarh)i Italy (Turin and Trieste), Japan 
(Sendai/Miyagi), Poland (Warsaw), and the US (Los 
Angeles, New Orleans, and Honolulu) took part in the 
study. Study subjects were women who were known to 
be nonsmokers. In some centers they were control subjects 
of previous or ongoingcase>control studies, while in other 
centers they were voJumcers from stratified population 
samples. If numbers permitted, 50 percent of these 
women were to be currently married to a smoker and the 
other 50 percent currendy married to a nonsmoker (or 
unmarried); within each of these categories 50 percent 
were to be women currendy employed. Four sampling 
groups were thus formed. 

Data collection at the participating centers scaned in 


February 1986 and was completed by June 1986. Urinary 
chemical determinations were completed within six 
months of receipt of samples. 

T/}e interyitw 

Each subject was interviewed by a nonsmoking mccr* 
viewer (one to three interviewers were used at each center) i 
at a convenient dme of day. At most centers the inter¬ 
view cook place at home, but at three centers (Triesre 
and, foe some subjects, Chandigarh and Sendai) intef' 
views rook place in the waiting room of out-patient 
departments or other public institutions. Each woman 
was asked whether she had used any tobacco product in 
the past seven days. If the response was negative, the 
interviewer used, according to the instruction manual, 
a structured questionnaire which included detailed ques¬ 
tions on: 

• husband's smoking habits (general questions); 

• husband’s smoking in the home in the past seven 
days (detailed history for each occasion during which 
the woman was exposed over the last four days, and 
less detailed for the previous four); 

• exposure to other people smoking at home (same 
detail as above); 

« exposure to tobacco smoke at work (same detail as 
above); 

• exposure to tobacco smoke in vehicles (same detail as 
above); 

• exposure co tobacco smoke anywhere else indoors 
(same detail as above). 

The questionnaire, common to all centers, was 
translated from English into seven languages (Cantonese 
Chinese, Mandarin Chinese, German, Greek, Italian. 
Japanese, and Polish)iand tested in a preliminary vecsion 
in each center. The final version of the questionnaire was 
again pilot-tested, as were the procedures for urine 
sample collection.' 

Biochemicai markon of exposure 

Measurement of nicotine or its mctaboUce. cotinine, has 
been widely used co measure tobacco use and exposure 
to ETS.' Cotinine exhibits a half life of elimirurion of 
about 18 h in active smokers and may be somewhat 
longer in exposed nonsmokers.* lu presence in urine. 
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therefore, comes predominamly from exposure co cobacco 
during the three co four days prior to sample collection. 

Spot urine samples were collected from each subject 
ijnmediacely after thc^interview. Samples were split into 
aliquots and frozen at - lO*Cto - 20*C until shipment 
in dry ice to IARC and the American Health Founda¬ 
tion. All specimens were received in good condition and 
were analyzed for cocinine and aeaunine. 

Cocinine was quanuated by radioimmunoassay accor¬ 
ding to the method of Haley er after a modification 
of the antibody of Langone The inter- and intra¬ 

assay coefficients of variation at 2 ng/mJ were 11 and 
seven percents respectively. Creatinine was determined 
on a Kodak Ekuchem 400 Clinical Chemistry Analyzer. 

Cocinine levels were adjusted for urine flow based on 
creatinine values. Creatinine excretion is fairly constant 
for individual^* although differences between sexes and 
over age groups do occur.^ Additionally, smokers have 
been reponed to excrete higher ievek of creatinine than 
do nonsmokets. Since the current study was conducted 
on only nonsmoking women, and all siattstical analyses 
were standardized for age, adjustment by creatinine was 
considered appropriate. Adjustment was done by using 
cotiniae/creatinine ratio or by controlling for creatinine 
as an independent variable in the regression analyses. 

Smisncai methodt 

For each center, the mean value of urinary corinine as 
well as of duration of exposure and number of cigarettes 
to which the subject was exposed were adjusted for age 
and, when appropriate, for sampling categories of 
exposure. Adjustment was made by direct siandardiza- 
cion over 12 subgroups of age (derived from the age 
distribution of the entire sample) and four sampling 
categories of equal size (25 percent each). The relation 
between urinary coiininc and indicators of exposure was 
investigated by regression analysis. The dependent 
variable (counine) was included in the model after log 
rxansfofmatioQ as log {x •¥ 1) in order to reduce the 
skewness of its distribution. Adjustment was made for 
potential confounding factors by including the variables 
'center' and 'sampling categories' as covariates in the 
regression model. Both variables were treated as 
categorical' on 13 and four levels, by inclusion in the 
model of 12 and three dummy variables, respectively. 
Adjustment was also made for age and urinary aeacinine 
included as continuous variables. 

Results 

This paper presents the information on £TS exposure of 
1,369 subjects (out of a total of 1.426) from 13 interna- 
eionai centers who gave complete answers to the ques¬ 
tionnaire and provided a urine sample of at least 6 ml 
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containing physiological levels of creatinine. Most of the 
centers were able to recruit approximately 50 percent of 
women who were currently married to a smoker and 50 
percent who were currently employed outside the home 
(Table 1): In Trieste and Tofoncc; howcv'cr. the propof- 
aon of employed women was much lower. The mean age 
of women who participated in the study was 51 years, 
with a range among centers from 42-60 years. 

The distribution of cotinine, following crearininc 
adjustment for the 1.369 women in the study is shown 
in Figure I. The shape of the diseribucion is asymmetric 
even after log transformationv with a long tail co the 
right. 

Of the total. 270 subjccis (19. 7 percent) bad cotinine 
levels reponed as nondetecublc (below 2 ng of absolute 
concentration). For purposes of simplicity, this is 
indicated in the dau as zero. The median value for the 
total population was 6 ng/mg, the cut-off point of the 
highest quintile was 14.5 ng/mg, and of the highest 
decile 24 ng/mg. Forty-seven subjects (3.4 percent of the 
total) had values above 50 ng/mg. and 26 subjects had 
values above 1(X) ng/mg (1.9 percent). 

For the subsequent analyses, women who were likely 
to have personally used tobacco products in the past few 
days were identified and excluded. While there is no 
clear-cut value which discriminates occasional smokers 
from subjects heavily exposed to ETS, data distributions 
and analyses of several recent studies were considered in 
establishing this cut-off point.In controlled high- 
level exposures in chambers*^ and aircraft.^’ urinary 
excretion of cotinine has reached a concencraiion of 
55 ng/mg creatinine. In our data, a cut-off point of 
50 ng/ mg creatinine may suggest that the proponion of 
women misreporting their active smoking habit was 3^4 
percent, whereas a much more conservative cut-off point 
at 100 ng/mg would result in a proportion of 1.9 
percent. Based upon the studies just cited, we excluded 
from the analyses the 47 women whose cocimne/creatinine 
ratios were ali^ve 50; this left 1,322 women in the study. 
It should be noted that this exclusion did not materially 
modify the results. 

Average age-ad justed cotinine/aeacinine ieveb found 
in the 13 centers arc shown in Figure 2 . For each center 
two averages are provided, based either on ail subjects 
Of on those subjects for whom cotinine levels were greater 
than zero. The former Is obviously partially determined 
by the sampling procedure and by the proponion of 
potentially nonexposed women actually included in the 
study in each center (Tabic 1). The differences by center 
are clearly large and statistically significant. The lowest 
values (for ail individuals with cocinine greater than zero) 
were observed in Honolulu, Shanghai, and Chandigarh , 
while the three highest values came from Trieste, Los 
Angeles, and Warsaw: In Trieste and Hong Kong, all 

245 


Source: https://www.industrydocunnents.ucsf.edu/docs/fnnvj0000 


2023860437 




FEB 05 '91i 11-23 
£. Ribollti aJ. 


TahJ< 1. Percentage iitfwibutiofl by center of the study subjects according to whether or not the subject w« married to a smoker 
and whether or not she was employed 


Center 


Percenragf 

disrnburton 


No of 
su biters 

Ktt 

(ntnfl « SO> 

Emplbycd 


Not 

employed 

Nor married 

:o Current 
somker 

Married 

to current 

smoker 

Nor married 
(0 current 
smoker 

Mamed' 

to current 

smoker 

Bremen 

10.3 

13.7 

34 7 

22.1 

93 

49 } .« 6.3 

Turin 

30.1 

21.3 

30.1 

18.3 

93 

30.4 * 6.9 

Trieste 

AIA 

40.2 

3*1 

9.3 

97 

56 7 s K.O 

Warsaw 

3 L 5 

21.4 

22.1 

23.2 

131 

44.8 m 11.6 

Athens 

19 .£ 

22.8 

27.7 

29.7 

VOl 

42,3 w 7 3 

Chandigirh 

25.8 

23.7 

23 .« 

24,7 

97 

44.1 m 6.6 

Hong iCong 

24.5 

22.3 

23.3 

30.1 

103 

53.1 s 9.0 

$hangh:ii' 

27.5 ■ 

2 . V .2 

26.3 

23.2 

99 

56.6 . 1.0 

Sendii 

23.0 

19.6 

29.1 

26.4 

148 

50.3 « 6.1 

Honolulu 

41.4 

12.1 

28..3 

18.2 

99 

59.3 ± 7.8 

Los Angeles 

16.0 

13.0 

32.0 

39.0 

100 

49.5 > U .0 

New Orleans 

20 8 

23.3 

29.2 

24.5 

106 

50.2 X 8.2 

Toronto 

51.0 

19.0 

23 0 

5.0 

100 

60.2 * 8.8 

All 

30.0 

21.4 

24.2 

22.7 

1369 

51.4 X 10.3 


Ufi OF 
CASiS 



figure 1. Distribution of 1.369 nonsmoking married women by urinary cotin Inc/creatinine levels on a logarithmic scale. 
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or almost aJt of the subjects had detectable levels of 
cotininc in their urine. 

The age’Scan4ardi2ed mean levels of 
cotioinc/cfcatinine ratios for each of the four sampling 
tacegofies are shown in Figure 5a. As expected,,there was 
a gradient in average cotinine levels across presumed 
categories of exposure. Women whose husbands did not 
smoke and who were not employed had the Ibwcsi mean 
levels. At the ocher exueme was the group of women 
married to a smoker and employed (and thus presumed 
to be exposed both at home and at work) followed ver)’ 
closely by those married to a smoker but not employed 
Women employed but not living with a smoker had! 
levels only slightly increased compared to those neither 
married to a smoker nor employed. 

Subjects were then reclassified according to the 
exposure to £TS rhey actually reported for the four days 
preceding the interview' (Figure 5b). A citrar linear 
increase in mean cotinine/Creatininc itvels was observed 
from the group of women nor exposed either at home 
or at work up to the group of those exposed both at home 
and at work. Average cotinine/creatinine vallies were 
higher for women exposed to ETS from che husband but 
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nor at work than from those exposed at work but not 
from che husband (? < 0.001); 

Figure 3c shows the average cotinine/creatinine levels 
for the two extreme groups of women who reported no 
cxpo.>urc at all from any of the sources considered! 
(5.03 ng/mg>and for chose exposed to all sources, i c 
husband, work, home., public places, and vehicles 
(IS.47 ng/mg). 

Seif-reported exposure on different occasions during 
the four days preceding the inrerv'iew was summariaed 
in four cumulative indicators: (i) the number of cigarettes 
to which the subject was exposed; (li) the duration of 
her exposure to ETS; (iii) the ratio of the number of 
cigarcries divided by the volume (m^) of indoor places 
where exposure occurred, as a measure of ETS concen- 
cracion in the ambient air; (iv) an estimate of total dose 
obttined by multiplying the concentration of ETS ir\ each 
place (no. of dgaretres/m*) by the time spent in that 
particular place. These four indices were computed 
separately for the cumulative exposure to ETS from che 
husband and che workplace and for the cumuiacive 
exposure to aili sources considered. 

The relationship between self-reported exposure and 
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Figure 2. Averige urinary levels of cotininc/crcatin/nc levels (ng.''mg) among nonsmoking women m 15 study centers. 
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a) SampKno categories of b) Self>reporte<l expostire c) Setf>reported 
exposure extreme patterns 
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uftnaiy cotininc levels was inv«tigatcd by regression 
analysis after adjustment for ccntefvagc and crearminc 
(Tables 2 and 3). Age^was dropped from the final regres¬ 
sion model as it did not comribure significantly to predic¬ 
ting codnine variarions once other predictors were in the 
model. Two types of indicators of exposure were tested 
as predictors of urinary cotinine levels: 

(i) simple dichotomous indicators of either positive or 
negative reporting of exposure to HTS from the 
husbarui^ ocher people at home, work, public places, 
and vehicles; 


Table 2. Regression analyses of urinary cocininc on dichocomoos 
indicators of exposure to ETS 


Typt of 

expgsuie 

CO Er$ 

Bcc2 * $£ 

F 

Huiband* 

6 22 0.40 

< 10*’ 

Work 

2.41 « 0.4v 

< 10*’ 

Husband Sc work 

9.00 z 0.70 

< 10*’ 

Pubik pikes. 

3,12 * 0.4i 

< 10 •’ 

vehicles, other 




Beta values can be incerprcfed as the avenge increase tn ng ot cocininc 
above baseline level for exposed as compared to nonexposed lubjecu. 
■‘Model': loir(couflioe i) - age log cfeaiimne center> ♦ . . 

cenref;y ^ sampling cacegories ▼ husband" (O.i)j The varwbUr 
husband' «ras then replaced by chc ocher variabies in the nbie. taken 
one*by-one. 
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(ii) quanticacivc estimates of daily exposure, such as total 
duration of exposure, total number of cigarettes, 
number of cigarettes divided' by indoor air volume 
and ETS ‘dose' (cigarettes x time/m^). These 
indicacofs were computed^ separately for specific 
sources of exposure and for all sources combined. 

The results of the regression analyses on simple 
dichotomous indicators of exposure are shown in Table 
2. Exposure to ETS from the husband during the four 
days preceding interview^ is a strong pccdictof of cotinine 
levels, highly statisiically significant (? < 0.0001). 
Simply reporting exposure to ETS from the husband 
would predict an increase of 6.2 ng cotininc (adjusted 
for creatinine) above the baseline level. Indicators of 
exposure to ETS at work and from public places and 
vehicles were also significant prediaors of cotinine levels, 
although less strong chan exposure to ETS from the 
husband in terms of predicted increase in cotinine. 
Reporting of combined exposure to ETS from the 
husband and work resulted in a predicted average increase 
of 9 ng cotinine, which is highly sarisiically significant. 

The quantitative relation between the pccdictors 
derived from the questionnaire and urinary cocininc levels 
was funher analyzed by including, one-by-onc in separate 
regression models, different specific and combined 
estimates of exposure (Tablb 3). Duration of exposure 
to ETS (in minutes)'from ail sources combined was a 
strong predictor of cotinine levels (? < O.OOOi ). Among 
the specific sources of exposure, the duration of daiiy 


Table 3* Regression analyses of urinary cotinine on quantitative indicators of exposure to ETS 


Quantiticcive exposures 

5eu * $E 

P 

Increase in daily 
exposure which prediin 
an increase of 5 ng/ mi 
of uriniry counxne 
above baseithc 

Duration of exposure to ETS^ 

(min/div) from: 
aU sources combined 

0.0263 z 0.0014 

< 10*' 

3 h 10 min 

Husband 

0.03H W 0.nr>23 

< 10'’ 

2 h 30 min 

Vork 

0.0199 > 0.0024 

<10** 

5 h 15 min 

Husband ♦ work 

0.0261 z 0.0016 

< 10*' 

3 h U mm 

Public places, vehicles, ocher 

0.0324 « 0.0036 

< 10*’ 

3 h 34 mio 

Humber of cigarertti/day framer 

All sources combined 

0.0767 z 0.0065 

< 10’ 


Husband 

0.7099 * 0.04«4 

< 10'’ 

6.5 cigs/day 

^'ofk 

0.0600 ± o.oosa 

< 10 •’ 

63 3 cip/day 

Public plaices, vehicles, ocher 

0.0701 z 0.0122 

< 10 ' 

71.3 eies/day 

ETS estimated dose (cigarettes Jt cunc/m') 

All sources 

0.0311 w 0.0024 

< JO'’ 

14 0 kigs Ji 8 h/40 

Husband 

0.056V z 0.0056 

< 10' ' 

7.2 vigs H i h/40 ml 

Work 

0.0234 z 0.0029 

< 10'’ 

17.0 cigs « 8 h./40 m’ 


.fiywtn ao( adjutud foe ralurae che rourrii 
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cxposuft to ETS from the hushznd was the stfongcsr 
predictor. To help in the imcrpcccanon of the regression 
coefricienc. we expressed the results according to the 
duration of exposure which predicts an arbitrafily defined 
increase of 5 ng in the cotinine levdi Exposure to £TS 
from the husband for 2 h 30 min per day would predict 
2 quantitatively similar increase to 3 h 30 min exposure 
at work, and 2 h 34 min from miscellaneous sources, 
which include public places, vehicles, and ocher people 
21 the subject’s home. From all sources combined, 3 hi 
iO min of exposure predict an increase of 3 ng of 
cotinine. 

The number of cigarettes to which the subject reported 
being exposed w'as also strongly related to urinary 
cotinine. The exposure level which would predict the 
afbicrarily<hosen'increase of 5 ng of cotinine was 6.5 
cigureties/day from the husband (figure compacibk with 
experimental exposure studies) and fi3.5 cigarctces/day 
at work. 

When the number of cigarettes is corrected for dura¬ 
tion of exposure and room volume, the values predic¬ 
tive of an increase of 5 ng codninc become 7.2 cigarettes/ 
H h of exposurc/40 from the husband, and 17.9 
cigafettes/8 h/40 from work. In ocher words, once 
duration of exposure and room volume are taken into 
account, the regression coefificient indicares chat a similar 
increase in cotinine is predicted when the husband 
smokes in the presence of the subject about half the 
number of cigarettes to which the subject is exposed at 
work. To further explore the relation of cotinine level 
with duration of exposure and number of cigarettes from 
different sources, we fitted a linear regression model in 
which duration of exposure and number of cigarettes 
from husband, work, and' ocher sources of ETS were 
included simultaneously. Duration of exposure and 
number of cigarettes from husband, work, and other 
sources of ETS were Included in the same regression 
model and Statistical significance computed by scep«down 
analysis. The results shown in Table 4 indicate chat both 
number of cigarcncs and duration of exposure from 
different sources retain their Statistical signiiicance after 

Table 4, Regression analyses on number of cigarertes per day 
and durarion of exposure adjusted simuluneousJy one for the 
other and for the three dii¥erent sources considered 
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reciprocal adjustment. The results also suggest that, tor 
exposure to ETS at work and in public places, vehicles, 
and other sources, cotinine level is bcricr predicted by 
duration of exposure than number of cigarettes/'day. for 
exposure to ETS from the husband, cotinine levels are 
bet ter predicied by the number of cigarettes smoked daily 
by the husband in the presence of his spouse than by 
duration of exposure. 

Discussion 

The present study was designed and implemcnicdi to 
evaluate the self-report of ETS exposures among women 
married to smokers or exposed! outside the home. As a 
mulriccntcrstudy involving 13 centes from 10 countries, 
it had the further potential to evaluate differences in 
exposure acrosslocal settings and varied sources of poten¬ 
tial exposure. 

The mean cotinine levels across centers are similar to 
those obscfv'ed in other studies^ ‘^•** ‘*^ and support the 
hypothesis that persons who repon ETS exposure have 
detectable cotinine levels. Approxinaarely 20 percent of 
the group had: cotinine levels below the reliable limits 
of dctccnon of the cotinine assay (2 ng/ml). Analyses 
of self-report for these subjects revealed chat 60 percent 
of them were not exposed outside the home, and 89 
percent reporred that they had: no exposure from a 
husband who smoked. 

To avoid possible miKiassificacion of active smokers 
as nonsmokers, wc excluded from the analysis all women 
with a cotminc level above 50 ng/mg even though, as 
already seated, this did not alter the results. Examina¬ 
tion of the self-reported exposure of these subjects 
showed chat 81 percent reponed exposure to tobacco 
smoking by their husband while 49 percent reported 
heavy exposure (more than 4 h/day) outside the home. 
While it is possible that these women were only the 
recipients of heavy exposure, concordance of behavior 
among spouses raises the possibility of light smoking by 
this gfoup.*^ This subgroup will be the subject of 
another report. 

The mean cotinine level observed across centers, after 
adjustment for index, reveals varying proponioiis of 
exposed persons at each center, with the lowest levels of 
exposure occurring in Honolulu, Shanghai, and Chandi¬ 
garh. In contrast. Trieste, Los Angeles, and Athens had 
significantly higher average levels of cotinine. The 
differences in average exposure shown in Figure 2 were 
somewhat attenuated once indicators of exposure (dura¬ 
tion, concentration. etc.) were introduced in the regres¬ 
sion modcil but did not disappear. On the other hand , 
the relations wc found between quant: unve indicators 
ot expoure and urinary toxininc were not stanstically 
different between study centers. This was tested by 
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incrodociAg in the satisticaJ model chc intenurtion ternu 
between indicators of exposure and 12 dichotomous 
variables indicating the 13 study centers. These results 
suggest that womVn are exposed to a background level 
of ETS which may often temain unnoticed. The perceived 
exposure to the sources considered in our questionnaire 
is related to an increase in urinary cocinine above 
background level which is qualiucively and quancitiveiy 
consistent across centers. 

Cotininc levels in women exposed only to their 
husbands' smoking were higher than chose in women 
exposed ac work only. Home exposure was the greatest 
determinant of urinary cocinioe, with the smoking habits 
of the husband being the strongest predictor in quantita¬ 
tive terms. This is conststem with data from the US which 
shows an eftbet of workplace exposure, but a greater effect 
for home exposure.^® 

In a recent study on adult nonsmokers conducted in 
New Mexico/^ the authors found a correlation of only 
0.29 between urinary cocinine and exposure to ETS 
during the preceding 24 h. In our study, we collected 
information on exposure to ETS during the day the urine 
sample was taicen and during the preceding three days. 
We found that the correlation coefficients becwccn 
cocinine and cumulative duration of exposure were 
berween 0.40 and 0.51 (P < 0.001) for nine out of 13 
centers and between 0.50 and 0 40 (P < 0.01) for two 
other centers. In only two centers were the correlation 
coefficients lower than 0.30. 

Overall, our siacisxicai analyses of diEFcrcnt quantitative 
indices derived from self-reported history of exposure to 
ETS indicated chat the time spent in an indoor place 
when somebody was smoking is a more correct pre^ctor 
of cocinine levels than the number of cigarettes smoked^ 
This may be explained in two ways. First, it is probably 
easier for a person to estimate the time spent somewhere 
where they are exposed to ETS rather than to remember 
the number of cigareites smoked in their presence. Thus, 
the estimate of duration of exposure may be less affected 
by random misdassificatioa chan by chc estimate of 
number of cigarettes. The second explanation may be 
that the concentration of ETS in Indoor air varies as a 
function of specific place, rime, and persons. Thus, the 
duration of rime when the sublect breathes the mixture 
of air and tobacco smoke becomes the main determinant 
of the intake of nicotine. 

In conclusion, these results indicate that, when 
s^propriarely quesriboed. women who do not smoke can 
provide estimates of their exposure to ETS which are good 
indicators of their biochemically measured exposure 
levels. It aho appears that in future studies of the health 
effects of ETS. aticncion should focus on daily duration 
of exposure and the volume of the indoor places where 
exposure occurred. 


Environmental tobacco smoke 
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